Condensation of salicylaldehyde (2-HOC 6 H 4 C(O)H) with allylamine afforded the unsaturated salicylaldimine, 2-HOC 6 H 4 C(H)=NCH 2 CH=CH 2 . Similar reactivity was observed with substituted salicylaldehydes. Further reaction of these Schiff bases with palladium acetate or Na 2 PdCl 4 afforded complexes of the type PdL 2 , where L = deprotonated Schiff base. The molecular structure of the parent salicylaldimine palladium complex [trans-(2-OC 6 H 4 C(H)=NCH 2 CH=CH 2 ) 2 Pd] (1) was characterized by an X-ray diffraction study. Crystals of 1 were monoclinic, space group P21/n, a = 14.0005 (9) 
Introduction

Compounds containing boronic acids [RB(OH) 2 ] or boronate esters [RB(OR)
] have not only found extensive application in organic synthesis 1 but several of these molecules display significant biological activity. 2 For instance, boronic acid derivatives of amino acids are effective and reversible inhibitors of the serine proteases chymotrypsin and subtilisin. [3] [4] [5] [6] [7] [8] [9] The mechanism of action for these compounds is believed to arise from the ability of the boron atom to coordinate via its empty p-orbital to the active hydroxyl groups of the enzyme. Boronic acid derivatives are also known to facilitate the transport of molecules across lipid bilayers, 10, 11 an important attribute in the area of drug delivery. Finally, a number of aminoboron compounds have shown remarkable potential in boron neutron capture therapy (BNCT) for the treatment of certain forms of cancer. 12 These properties, along with our interest in preparing biologically active boron compounds, prompted us to investigate the synthesis of metal complexes containing organic groups which could be readily functionalized into these boron containing compounds.
Palladium(II) complexes have been found to cleave proteins selectively in high yields. 13 Unfortunately, the solubility, and hence the efficacy, of these metal complexes is sometimes dependent on the pH of the solution. Palladium amine complexes have also been investigated for their potential use as anticancer agents. 14 With this in mind, we have prepared a number of palladium complexes containing salicylaldimine ligands derived from allylamine and vinylaniline and hypothesize that further hydroboration of the pendant C=C moieties in these complexes may prove to be a facile and gentle route to making novel boroncontaining palladium compounds with improved physiological solubilities, stabilities, and selectivities. The results of our initial investigations generating these palladium complexes are described herein.
Experimental Section
General. Reagents and solvents used were obtained from Aldrich Chemicals. PdCl 2 and Pd(OAc) 2 was purchased from Precious Metals Online Ltd. NMR spectra were recorded on a JEOL JNM-GSX270 FT NMR spectrometer. . Melting points were measured uncorrected with a Mel-Temp apparatus. Microanalyses for C, H, and N were carried out at Guelph Chemical Laboratories Ltd. (Guelph, ON, Canada).
Di-(2-allyliminomethylphenolato)palladium(II) (1). To a freshly prepared MeOH (10 mL) solution of Na2PdCl4 (0.43 g, 1.47 mmol) was added 2-allyliminomethylphenol (0.49 g, 3.04 mmol) and triethylamine (0.5 mL). The mixture was heated at reflux for 2 h and then allowed to cool to room temperature, at which point a green precipitate formed and was collected by suction filtration. The solid was then recrystallized from CHCl3 (2 mL) to afford 1 (0.44 g, 70%) as a green solid. 
Di-(2-allyliminomethyl-3,5-di-tert-butylphenolato)palladium(II) (3).
To a MeOH (10 mL) solution of Pd(OAc) 2 (0.12 g, 0.53 mmol) was added 2-allyliminomethyl-3,5-ditert-butylphenol (0.30 g, 1.10 mmol). The mixture was stirred at room temperature and after 5 h a precipitate was collected by suction filtration. The product was extracted with Et 2 O (3 × 10 mL) and the solvent removed under vacuum to afford 3 (0.21 g, 62%) as a yellow-brown solid. X-ray Crystallography. Crystals of 1 and 4 were grown from saturated CH 2 Cl 2 solutions at 5 o C. Single crystals were coated with Paratone-N oil, mounted using a glass fibre and frozen in the cold stream of the goniometer. A hemisphere of data were collected on a Bruker AXS P4/SMART 1000 diffractometer using ω and θ scans with a scan width of 0.3 o and 10 s exposure times. The detector distance was 5 cm. The data were reduced 15 and corrected for absorption. 16 The structure was solved by direct methods and refined by full-matrix least squares on F 2 . 17 All non-hydrogen atoms were refined anisotropically. Hydrogen atoms were located in Fourier difference maps and refined isotropically. A residual peak of 2.837 eÅ −3 is observed in complex 4, arising from the fact that the crystals were twinned and only the major component could be used for structure refinement. To minimize effects arising from the second component, the data was collected at 6 cm to maximize peak separation.
Results and Discussion
As part of our ongoing research into making novel metal complexes containing aminoboron ligands, 18 we decided to prepare a number of metal complexes containing pendant unsaturated allyl and vinyl fragments. Our initial investigations have been directed at making diamagnetic palladium (II) complexes owing to their ease of synthesis 19 and known biological activities. For instance, related Pd(II) benzoylbenzylideneamine derivatives display high antitumor activity towards certain forms of cancer. 20 Addition of allylamine to salicylaldehydes gives compounds having NMR and FT-IR spectroscopic data consistent with the corresponding salicylaldimines. For example, for the parent salicylaldehyde compound a singlet at δ 8.33 ppm is observed in the 1 H NMR spectra for the imine methine peak and the diagnostic C=N stretching band is found in the FT-IR spectra at 1620 cm H NMR spectra is observed for the imine methine proton upon coordination of the ligand to the metal centre. For instance, the singlet at δ 8.33 ppm for the free ligand derived from salicylaldehyde and allylamine shifts to 7.64 ppm in complex 1. Most notable, however, is the absence of the broad OH stretch in the FT-IR spectra when the ligands are coordinated to palladium. The C=N stretch is still observed but is now found at 1595 cm −1 in the metal complexes.
Complex 1 has also been characterized by an X-ray diffraction study (Figure 2 ). Crystallographic data are presented in Table 1 and selected bond distances and angles are given in Table 2 . The palladium atom assumes a slightly distorted square planar configuration with trans bis(salicylaldiminato) groups. The Pd-O distances of 1.979(1) and 1.982(1) Å and the Pd-N bond lengths of 2.013(1) and 2.015(1) Å are similar to those seen in related complexes. [24] [25] [26] [27] For instance, distances of 1.966(8) and 2.067(10) Å for the Pd-O and Pd-N bonds, respectively, are found in a related bis-salicylideneaminato palladium complex derived from 2-hydroxy-4-(n-hexyloxy)benzaldehyde and 4-n-hexylani- line. 26 The C=C distances in 1 are ave = 1.286(3) Å, are well within the range expected for double bonds found in allyl derivatives. The C=N bond distances are ave = 1.284(2) Å, which are consistent with a slight elongation of the C-N double bond when coordinated to a late metal center. 25 The allyl groups are approximately centrosymmetric to one another but no significant interaction with a metal center is observed, thereby allowing access for further functionalization to the corresponding boronate esters via a subsequent hydroboration reaction.
Similar reactivity is observed in reactions of salicylaldehydes with 4-vinylaniline and the corresponding palladium(II) complexes 4-6 ( Figure 1 ) have been prepared, using the methodology described above, in moderate yields (56-77%). The vinyl peaks for 4 are at 6.78, 5.80, and 5.30 ppm in the 1 H NMR spectra, and at ca. 136.4 and 115.3 in the 13 C NMR spectra, both of which indicate that the vinyl group is not coordinated to a palladium atom. 28 Indeed, this observation has been confirmed by carrying out an X-ray diffraction study on 4 ( Figure 3 ). Crystallographic data are presented in Table 1 and selected bond distances and angles are given in Table 3 . The molecule is centrosymmetric with the palladium atom assuming a slightly distorted square planar configuration with trans bis(salicylaldiminato) groups. geneous catalytic cyanosilylation of aldehydes. 29 As no appreciable intramolecular or intermolecular interaction is observed with the vinyl groups and the palladium atom in 4, or with the allyl group in 1, hydroboration of these unsaturated fragments will be examined in an effort to generate novel boron-containing metal complexes. Unfortunately, initial attempts to affect the hydroboration of these palladium complexes containing pendent C=C double bonds with catecholborane (1,3,2-benzodioxaborole) proved unsuccessful and resulted in degradation of the starting metal complex. We are in the process of examining this reaction in more detail with other hydroborating agents, in an effort to make the corresponding palladium boronate ester complexes, and will report our results in due course.
Conclusions
In summary, we have prepared a number of trans Schiff base palladium(II) complexes derived from allylamine and vinylaniline. The resulting complexes assume a square planar configuration where the unsaturated groups do not show any appreciable interaction with a metal center. We are examining the hydroboration of 1-6 in an attempt to make metal complexes containing air stable boronic acids and boronate esters.
